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1. Introduction 
This report describes the results of a survey for benthic macroinvertebrates (BM) 
conducted in Orielton Lagoon in May 2005. This survey was designed as a repeat of a 
survey conducted in June 1999 (Davies and Cook 2004). These surveys were 
commissioned by Sorell Council and designed by Freshwater Systems to describe 
changes in BM assemblages that may be attributed to remediation works at the Lagoon. 
The works included modifications to the Sorell causeway and the associated drainage of 
Orielton Lagoon, and diversion of suburban wastewater from the Lagoon for land 
disposal/irrigation. These actions were aimed at increasing both the water and sediment 
quality of the Lagoon, with the specific aim of reducing nutrient loads, eutrophication and 
the incidence of algal blooms and associated odour problems. 
 
Orielton Lagoon is a shallow (average 1.3 m deep) lagoon about 265 ha in area, separated 
from Pittwater by a causeway originally constructed in 1868, and modified in 1906 and 
1953. The causeway constricted tidal exchange and this, along with a large influx of 
nutrients from wastewater disposal from Midway Point, led to high internal nutrient 
loadings and high rates of algal production (Brett 1988, Kinhill 1993). Blue green algal 
blooms were a frequent occurrence in the mid to late 1990’s, causing scums, odours and 
public health and aesthetic concerns. Culvert infrastructure at the causeway was modified 
in 1998 to enhance tidal exchange with Pittwater, flush water-column nutrients from the 
lagoon and stabilise salinities. 
 
This BM survey was conducted in two parts and was originally conceived as a BACI 
(before-after control impact) paired design with sites in Orielton Lagoon being compared 
with sites in a control embayment before and after the cessation of WWTP discharge to 
the lagoon. Natural differences in hydrodynamics and geomorphology between Orielton 
Lagoon and other nearby semi-estuarine or embayment sites limit their use as strict 
statistical controls, and they should be referred to as reference systems. Two reference 
embayments were selected, to improve inferential ability from the survey and to ensure 
representative sampling of marine embayments in the local area that were as similar as 
possible to Orielton Lagoon in its original hydrodynamic state, and that were 
experiencing low to moderate nutrient loads. The two embayments chosen were upper 
Pittwater, downstream of Samphire Island, and the Carlton River estuary. Sampling was 
conducted on soft silt-mud sediments of broadly similar size composition to those 
observed in Orielton lagoon. Results of both the pre- and post-mitigation sampling are 
described here, and compared with changes observed at the reference sites. 
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2. Methods 
Survey sites 
Six sites were sampled in Orielton Lagoon (Figure 2), whose locations are listed in Table 
1. Three sites were sampled in each of upper Pittwater (Figure 3) and the middle Carlton 
River estuary (Figure 4). All sites were located on soft silt-mud sediments at ca 2-5 m 
depth at high tide. Sampling was conducted on 10 – 15 June 1999 and on 15 May 2005. 
 
Sampling method 
At each site, 10 Eckman grab samples (each sampling a benthic area of 225 cm
2
) were 
taken within a 25 m
2
 area of bottom. Only samples from fully closed Eckman grabs were 
kept. All sample material from a site was pooled in a large bin, mixed thoroughly, 
weighed, and a 10% subsample taken by weight, in five aliquots of approximate equal 
weight, during active stirring of the pooled sample material.  
 
Sample processing 
Each resulting composite 10% sub sample was washed over a 250 micron mesh sieve on-
site and all retained material preserved in 10% neutral-buffered formalin. The material 
was then sorted by hand in the laboratory under magnification, and all animals were 
subsequently identified to species (where practicable) and counted. Several molluscs lost 
their shells during storage of the 1999 samples. These were identified based on soft tissue 
morphology and/or assigned to a taxon based on size relative to other bivalves/gastropods 
in the sample. Assistance with identification from Adam Davey and Sasha Migus at 
Aquenal, and Graham Edgar, is gratefully acknowledged. 
 
Data analysis 
All faunal data were entered into Excel spreadsheets prior to analysis as follows: 
1. Number of taxa (‘diversity’) and total abundance was calculated for all sites. 
2. Compositional similarity between all sites was assessed using multi-dimensional 
scaling ordination (MDS) and analysis of similarities (ANOSIM) in the Primer-E 
(version 5) software package. All abundance data was square root transformed, 
and a similarity measure matrix derived, using the Bray-Curtis similarity index. 
MDS ordination was then performed (using a default beta of -0.1), and ANOSIM 
was conducted to assess the probability that the BM assemblages of the three 
embayments differed significantly in composition. 
3.  Differences in BM variables between dates for sets of sites were evaluated using a 
paired t-test in SYSTAT (10.0), with observations between times paired by site. 
4. Two-factor ANOVA on the ln(x+1) transformed abundance and taxon richness data 
was used to test for differences between embayments (Orielton vs reference) and 
years (1999 vs 2005). This was designed to test for significant changes in the 
difference between the Orielton and reference embayments from the pre-
remediation period (1999) to the post-remediation period (2005). A site * time 
interaction term was used in this ANOVA as the test for significance of such a 
change, and hence of an impact of changes associated with remediation. 
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Loge(x+1) transformation was used to change the distribution of the data to one 
more closely approximating normality, in order to satisfy the assumptions of 
analysis of variance (after inspection of normal probability plots). 
 
Table 1. Location of sites sampled in the benthic macroinvertebrate 
surveys, June 1999 and 2005. 
 
Waterbody Site Easting Northing Comments
Orielton O1 543982 5261670 45m offshore directly in front of sewerage outlet
O2 544505 5261880 100m west of island
O3 543674 5262315 100m offshore in front of golf club house
O4 544125 5262200 Half way between golf house and eastern shore among old duck hides
O5 544550 5262425 100m offshore in line with double fence that comes down to water
O6 543725 5262700 Middle of river mouth opposite fence - 30m off eastern shore
Carlton C1 554300 5253125 30m off bay on shallow sand bank
C2 555375 5253025 30m off shore from beach in middle of big bay
C3 555325 5253725 In middle of mouth of small creek - 25m off shore - 50m d/s of first jetty
Pittwater P1 537033 5262950 Half way between duck hide and shallow reef
P2 536224 5263004 Half way across mouth of bay - 120m west of Land's End
P3 536964 5263770 Middle of bay 250m north of Bill's Island  
 
 
O1 
O2 
O3 
O4 
O5 
O6 
 
Figure 1. Location of sampling sites, Orielton Lagoon (scale = 1:25000, 
Tasmap series, 1 square = km2). 
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Figure 2. Location of sampling sites, upper Pittwater estuary (scale = 
1:25000, Tasmap series, 1 square = km2). 
 
 
  
C3   
C2
  
C1
  
 
Figure 3. Location of sampling sites, Carlton River estuary (scale = 1:25000, 
Tasmap series, 1 square = km2). 
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3. Results 
Benthic macroinvertebrate fauna of Orielton Lagoon 
1999 
The BM fauna of Orielton Lagoon in 1999 was highly abundant, and dominated 
numerically by amphipods (Table 2, Figure 4), particularly Paracorophium excavatum 
and Limnoporeia kingi (Figure 5). Diversity was low overall (compared with the two 
reference embayments, and with those of similar habitats in other estuaries - Edgar et al. 
1999), with 26 taxa recorded. Diversity at sites O1 and O2 was double that at sites O3 to 
O6 (one-way ANOVA: df = 4, p = 0.005). Site O3 had particularly high abundances of 
amphipods. 
 
Sites O1 to O3 contained Pseudopolydorid polychaetes in 1999, which were absent from 
sites O4 to O6, while the latter sites contained higher abundances of the polychaete 
Nephtys australiensis. This reflects the different salinity and/or organic sediment 
affinities of these two species. Sites O5 and O6 were highly similar to each other (with a 
Bray Curtis dissimilarity of only 20%). 
 
2005 
The total faunal abundance of the Lagoon in 2005 was substantially reduced (Figure 4, 
Table 3) at all sites compared to 1999 (p = 0.0022, df = 5, by paired t-test). Overall 
diversity was similar with 28 taxa recorded, compared with 26 in 1999. However, 
diversity at a site was higher in 2005 than 1999, with a mean of 11 taxa per site compared 
with 8.5 in 1999 (with marginal statistical significance: p < 0.06, df = 5, by paired t-test). 
In addition, there was a substantially reduced representation and dominance by 
amphipods. The abundance of amphipods had reduced by 91% (significant at the p = 
0.0015, level, df = 5, by paired t-test) in 2005 compared to 1999.  
 
The total abundance of annelids (primarily polychaetes) had increased by 2.6 times from 
a mean of 24 in 1999 to 63 in2005 (p = 0.0060, df = 5, by paired t-test). This included a 
substantial increase in the abundance of Nephtys australiensis, Prionospio cirrifera and 
Prionospio multipinnulata. It was accompanied by a reduction in Pseudopolydorid 
polychaete density at sites O1 to O3.  
 
The abundance of molluscs had increased by 12 times from a mean of 0.8 in 1999 to 9.5 
in 2005 (p = 0.026, df = 5, by paired t-test). This included a substantial increase in 
density of Spisula trigonella, which was rare in 1999. 
 
Comparison with reference locations 
Abundance and diversity 
In 1999, total BM abundance was significantly higher in Orielton Lagoon than in the two 
reference embayments (by one-way ANOVA, df = 10, p = 0.015), with the reference 
embayments not differing from each other (p > 0.5).  
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Table 2. Benthic macroinvertebrate data from samples collected in Orielton 
lagoon, upper Pittwater, Carton River estuary in June 1999. Numbers 
represent n per 225 cm2 benthic area. 
 
Orielton lagoon Pittwater Carlton R
Class/Order Species O1 O2 O3 O4 O5 O6 P1 P2 P3 C1 C2 C3
Amphipoda Cymadusa  sp. 1
Paracorophium cf excavatum 415 192 712 92 181 629 3 1 1 4 90
Paracorophium  sp. 39
Paracalliope australis 27 40
Ischyrocerid sp. 24 5
Oedicerotid sp. 4 5
Limnoporeia yarrague 5 6 32 1 8 8.43 2 2 3 1
Limnoporeia kingi 110 91 294 27 69 81.4 2 1 15 10 7
Aora maculata 15 6
Caprella  ?acanthogaster 2
Amphipods (total) 573 313 1038 120 258 719 15 0 2 22 27 177
Decapoda Dittosa laevis 1
Copeopoda Copepod sp. 2 1 8
Cumacea Dimorphostylis colefaxi 2 5 17
Hydroida Ectopleura sp. 1
Collembola Collembola sp. 2 1 1
Miscellaneous (total) 0 2 1 0 0 0 5 2 0 6 0 25
Mollusca Ascorhis victoriae 3 1
Nassarius pauperatus 13
Aeolid sp. 1
Pseudoliotia micans 5 1
Assiminea buccinoides 1
Hydrococcus brazieri 8 90 8
Spisula trigonella 1 2 1 12 6 6 13
Laternula sp. 1
Arthritica semen 6 24 12
Molluscs (total) 2 0 0 0 1 2 9 28 6 20 127 20
Nematoda Nematode sp. 1
Nemertea Nemertean sp. 1 1 2 1
Annelida Oligochaete sp. 8 12 9
Armandia  sp. cf MOV 2
Phyllodoce  sp. 1 2
Phyllodocid sp. 1
Mediomastus australiensis 4 1 7 9 4 1
Nephtys australiensis 1 1 6 24 10 5 12 49 4
Nephtys inornata 2 1
Goniada  sp. 1 9 3 1
Euchone limnicola 1
Euchone  sp. 13 1 3 8 1 192
Lumbrineris  sp. 1 1 1 4
Simplisetia aequisetis 2 2 1 1 2 3
Prionospio cirrifera 4
Pseudopolydora  sp. 40 17 4 7 9 1
Prionospio multipinnulata 1 1 7 7
Exogone sp. 1 1
Lysilla jennacubinae 2 1
Magelona sp. 1
Annelids (total) 64 21 9 7 32 11 46 60 51 9 3 218
Osteichthyes Nesogobius hinsbyi 1 2
Fish (total) 1 2
Total individuals 639 337 1048 127 291 732 77 91 61 58 157 442
Total taxa 16 11 7 5 6 6 22 20 7 15 10 18  
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Table 3. Benthic macroinvertebrate data from samples collected in Orielton 
lagoon, upper Pittwater, Carton River estuary in June 2005. Numbers 
represent n per 225 cm2 benthic area. 
Orielton lagoon Pittwater Carlton R
Class/Order Species O1 O2 O3 O4 O5 O6 P1 P2 P3 C1 C2 C3
Amphipoda Cymadusa sp. 1 1
Paracorophium cf excavatum 47 36 6
Paracorophium sp. 1 16
Paracalliope australis 25
Ischyrocerid sp 1
Jassa sp. 2
Oedicerotid sp. 1 1
Limnoporeia yarrague 1 3 2 2 3 2 10 2 3 11
Limnoporeia kingi 97 3
Aora maculata 14 5 2 17 1 43 18 4 1
Caprella acanthogaster 1
Byblis mildura 2
Corophium insidiosum 1 3 9 13 6 2 1 1
Paradexamine sp. 25 14 5 15
Amphipods (total) 88 5 141 0 34 4 73 32 18 5 64 16
Annelida Oligochaete sp. 4 11
Armandia sp. 1 13
Phyllodoce sp. 4
Mediomastus australiensis 5 4 76 24 12 7 44
Nephtys australiensis 26 13 6 49 59 32 3 2 6 4 4 15
Euchone limnicola 1 3 1
Euchone sp. 39 1 3 8
Lumbrinereis sp. 1
Simplisetia aequisetis 1
Prionospio cirrifera 52 4 5 7 18 4 2 3
Pseudopolydora sp. 2 2 1 1 3 9 2
Prionospio multipinnulata 21 24 5 3 6 2 48 5 4 6 1 1
Exogone sp. 2 1 1 8 12
Lysilla jennacubinae 1 1
Exogone sp. 5 4 5 7 6
Aphelochaeta sp. 1 9
Asychis sp. 1
Goniadid sp. 1 1 1 2 6 1 3 2
Cirratulid sp. 1 1
Harmothoe sp. 2 1
Hesionid sp. 1
Leitoscoloplos bifurcatus 3 1 1
Ophryotrocha sp. 7
Syllid sp. 3
Terebellides sp. 1
Brania sp. 3 24 6 1
Abarenicola affinis 1
Annelids (total) 150 38 12 60 76 44 194 49 32 39 98 69
Ascidia Ascidia sp. 1
Copeopoda Copepod sp. 1 3 42 39 3 19 39 3
Cumacea Dimorphostylis colefaxi 1 1
Cyclaspis caprella 1 1
Dimorphostylis sp. 1 3 3 2
Decapoda Macrophthalmus latifrons 1
Palaemon intermedius 1
Hydroida Hydroid sp. 1
Mollusca Nassarius pauperatus 1 1 2
Pseudoliotia micans 2 2 1
Hydrococcus brazieri 1
Spisula trigonella 3 32 3 4 2 3 3
Arthritica semen 1 1
Opisthobranchia sp. 2
Tellina deltoidalis 4 3
Tellina margaritina 2
Xenostrobus inconstans 1
Theora lubrica 3 1 7 5 13
Molluscs (total) 9 6 35 0 3 4 4 4 10 13 2 13
Mysida Mysid sp. 1
Nematoda Nematode sp. 32 1
Nemertea Nemertean sp. 1 1 2 4 1
Sipuncula Sipunculan sp. 1
Total individuals 247 51 190 60 118 52 315 128 68 113 212 104
Total taxa 17 8 13 5 13 10 25 20 21 26 28 19
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Diversity (taxon richness) at a site  in Orielton Lagoon in 1999 was lower than in the 
reference embayments (means of 8.5 taxa vs 15.3, respectively; p = 0.02 by one-way 
ANOVA). Overall diversity was also lower at 26 taxa vs 36 and 31 in Pittwater and 
Carlton River estuaries respectively. 
 
In 2005, there was no significant difference in total abundance between Orielton Lagoon 
and the two reference embayments (by one-way ANOVA, p > 0.5). Site-level diversity, 
despite increasing between 1999 and 2005, was still statistically significantly lower in 
Orielton Lagoon than in either reference embayment (by one-way ANOVA, df = 10, p < 
0.0002). Overall diversity was also lower at 28 taxa vs 34 and 47 in Pittwater and Carlton 
River estuaries respectively. 
 
Total abundance and taxon richness did not differ statistically between 2005 and 1999 for 
either Carlton River or Pittwater estuary (Figure 4, Tables 2 and 3), by paired t-test.  
 
Two-way ANOVA (Orielton vs reference; 1999 vs 2005) revealed significant interaction 
terms for total abundance, species diversity at a site, and abundance of amphipods, 
molluscs and annelids (all p < 0.05). This indicated that the changes in these variables at 
Orielton Lagoon between 1999 and 2005 were significantly different from those observed 
in the reference embayments. 
 
Community composition 
In 1999, Orielton Lagoon was dominated by amphipods, with polychaetes comprising the 
bulk of the remaining fauna (Table 2, Figure 4). By contrast, Pittwater samples were 
dominated by polychaetes (Table 2), particularly Nephtys australiensis. These samples 
were also characterised by a diversity of molluscs and annelids, though site P3 was 
depauperate. Carlton River estuary sites were dominated in 1999 by molluscs and 
amphipods (Table 2, Figure 4), with the exception of C3 which was dominated by an 
unidentified species of Euchone. 
 
In 2005, all three estuaries were numerically dominated (> 50%) by polychaetes, with 
amphipods comprising around 20 – 40% of the fauna. Pittwater samples were dominated 
by the amphipod species Aora maculate, Corophium insidiosum and Paradexamine sp., 
and the annelid species Mediomastus australiensis, Prionospio multipinnulata, Brania 
sp.. Site P1 had the greatest overall faunal abundance. Carlton River estuary sites 
generally contained a diversity of species within each group. Site C2 had the greatest 
faunal abundance, particularly of the amphipods Paracorophium sp. Paracalliope 
australis, Paradexamine sp., and the polychaetes Armandia sp. and Mediomastus 
australiensis.  
 
There was a considerable change in species composition of all major groups across all the 
three estuaries between 1999 and 2005 (Tables 2 and 3, Figures 5 and 6). 
 
There was a statistically significant increase in the abundance of amphipods at Pittwater 
sites (p = 0.03, df = 2, by paired t-test). A significant increase in the abundance of annelid 
species was also observed between 1999 and 2005 for Orielton Lagoon (from 3.6 to 5 
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species) and in Pittwater (5.7 to 8.2) and Carlton River (5.1 to 9.9) estuaries (all p < 0.02, 
df = 5, by paired t-test). 
 
The introduced bivalve Theora lubrica was present in all three estuaries in 2005, but most 
abundant in Carlton River estuary. 
 
An ordination of all 1999 and 2005 compositional data is shown in Figure 7. As reported 
by Davies and Cook (2004), the BM assemblage composition at all Orielton Lagoon sites 
in 1999 was substantially and statistically significantly different from that for either of the 
reference estuaries (ANOSIM, both p = 0.01). Statistical differences in BM community 
composition between Carlton River and Pittwater were marginal in 1999 (ANOSIM, p = 
0.1), though this was probably due to high inter-site variation within these estuaries, as 
ordination suggested a distinct separation between them. Orielton Lagoon was equally 
dissimilar to both of the reference estuaries in 1999. 
 
A marked change in community composition was observed for Orielton Lagoon between 
1999 and 2005, indicated by the ellipses in Figure 8. This was statistically significant by 
ANOSIM (p < 0.05). All sites had changed in composition, however site O3 had changed 
least. This site maintained relatively higher abundances of some taxa which dominated all 
Orielton lagoon sites in 1999, especially Limnoporeia kingi, as illustrated in Figure 8. A 
major change was also observed for Carlton River estuary (p < 0.01 by ANOSIM), in a 
similar direction to Orielton Lagoon (Figure 8). The two embayments remain distinct in 
composition however (p < 0.05 by ANOSIM). No change in overall composition was 
observed for Pittwater (with the exception of site P3, which became more similar to sites 
P1 and P2 in 2005).  
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Figure 4. Mean total abundance and abundance of major groups in Orielton 
Lagoon, upper Pittwater and Carlton River estuary in June 1999 and 
2005. 
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Figure 5. Species composition and abundance of amphipods in Orielton 
Lagoon, upper Pittwater and Carlton River estuary in June 1999 and 
2005 (note differentiated scale on 1999 plot, due to very high 
abundance of Paracorophium excavatum). 
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Figure 6. Species composition and abundance of annelids (worms, 
polychaetes) in Orielton Lagoon, upper Pittwater and Carlton River 
estuary in June 1999 and 2005. 
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Figure 7. MDS ordination of BM samples from Orielton Lagoon (O1 to O6), 
and Pittwater (P1 to P3) and Carlton River estuary (C1 to C3) and in 
1999 (blue triangles) and 2005 (green triangles). Solid and dashed 
ellipses indicate shift in Orielton Lagoon and Carlton River estuary 
community composition between 1999 and 2005. No major shift was 
observed for Pittwater. Note that of the Orielton sites, O3 and O1 
shifted least in composition. 
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Figure 8. Ordination as for Figure 7, showing relative abundances of the 
amphipod Limnoporeia kingi. Note the abundance of this species at 
site O3 in 2005, and its absence at the other Orielton sites. 
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4. Discussion 
The construction of the causeway at Orielton Lagoon instigated changes in sediment 
composition and salinity due to constraints on tidal water and sediment exchange, and 
changes in local hydraulic conditions in the lagoon during large flood events. Wastewater 
discharge also caused severely nutrient enrichment. All of these changes impacted 
negatively on the biological communities of the lagoon – causing blue-green algal 
blooms, and changes in diatomaceous algae, and the fish and bird fauna (Kinhill 1993, 
Saunders 2002, D Ritz, School of Zoology, UTas).  
 
Benthic macroinvertebrates respond markedly to changes in sediment composition, 
nutrient status and redox, and algal productivity and salinity. These were believed to be 
the primary causes of differences in BM composition between Orielton Lagoon and the 
less impacted sites in Pittwater and the Carlton River estuary observed in 1999 (Davies 
and Cook 2004). 
 
We observed major changes in the abundance and community composition of benthic 
macroinvertebrates in Orielton Lagoon between 1999 and 2005. Total abundance 
declined, mainly due to a reduction in the abundance of several species of amphipod 
whose presence was indicative of the eutrophic status of the lagoon. There was an 
increase in abundance of polychaetes and molluscs typical of unpolluted estuarine 
habitats of the region. The overall diversity of benthic macroinvertebrates at sites within 
the lagoon also increased. 
 
None of these changes were observed in the reference embayments. These sites showed 
some shifts in community composition at the species level, but the overall abundance and 
functional composition of their communities was not substantially different. 
 
Changes were observed in the community composition of Carlton River estuary but not 
Pittwater. There is evidence to indicate that salinity conditions preceding the two surveys 
differed. River flow events were observed during the three month period preceding 
sampling in 1999, but an extended dry period preceded sampling in 2005 (DPIWE unpub. 
data from the Carlton and Jordan River gauging stations). Low to moderate sized flows 
are believed to strongly control salinities in the Carlton River estuary, but only have 
minor influence on salinities in Pittwater. This may explain the difference between these 
estuaries in the degree of change observed between 1999 and 2005 surveys.  
 
Changes in the salinity regime of Orielton Lagoon are likely to have been primarily 
controlled by the increased tidal exchange with Pittwater at the causeway through culvert 
alterations. It is highly likely that the changes in benthic macroinvertebrates observed in 
Orielton Lagoon are a result of changes in salinity and nutrient status resulting from 
remediation works. Diversity is still reduced compared to the reference estuaries, and one 
site (O3) still has a fauna indicative of some persistent enrichment. This suggests that 
some further improvement might be anticipated with time. 
 
Overall, substantial changes in the fauna of Orielton Lagoon have been observed between 
1999 and 2005. All sites in the lagoon have shifted composition away from one 
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dominated by high densities of amphipods and reduced diversity and toward a more 
diverse assemblage of species more typical in functional composition to those of nearby 
tidal embayments and estuaries. This represents a significant biological improvement in 
environmental condition toward a less stressed ecosystem.  
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